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§1. CW ECH Operation 
Kubo; S., Shimozuma, T., Yoshimura, Y., Notake, T., 
Kobayashi, S., Ito, S., Mizuno, Y., Takita, Y., 
Ohkubo, K. 
The development and construction of continuous or 
long pulse electron cyclotron heating (ECH) system have 
been done for the continuous wave (CW) ECH experiment 
Ultimate goal of the R&D for CW system is common to the 
high efficiency high power system, since, the loss minimiza-
tion of the transmission system and the resultant heat han-
dling is the main issue. The development and research of 
CW system suffered from a long delay due to the lack of real 
CW high power gyrotron. The development and settlement 
of the system have been performed in parallel with the nor-
mal high power short pulse ( 0.6 s ) operation during 7th 
experimental campaign. 
The high voltage power supplies had been designed to 
operate CW gyrotrons. Minor modification of the power sup-
ply system was using a new rationalized body power supply. 
These power supply worked well without any major trouble. 
The CW 84 GHz gyrotron with a chemical vapor depo-
sition (CVD) diamond window demonstrated the capability 
of 200 kW, 1000 s operation at the factory test The gy-
rotron was installed on the #6 gyrotron tank and repeated 
the demonstration of 200 kW operation in NIFS using the 
dummy load and transmission line which is extended from 
the end of evacuated 31. 75 mm corrugated waveguide sys-
tem used for #5 system. Due to the increased reflection from 
transmission line or dummy load the gyrotron test had been 
limited below 150 kW 1000 s. The corrugated waveguide 
switches are introduced to select the power from #5 or #6 
gyrotron tank to the common corrugated waveguide, and to 
direct the power to dummy load or LHD antenna. Since, the 
mirror antenna system used for #5 system had no cooling 
channel, the low loss corrugated SUS waveguide of88.9 mm 
is used as an antenna by tapering up the corrugated waveg-
uide from 31. 75 mm inside LHD vacuum vessel. Another 
waveguide switch set just below the LHD I.5L port enables 
to select the mirror or corrugated waveguide antennas. 
In Fig. I are shown the temporal evolutions of the cath-
ode, body voltages and collector, body currents during suc-
cessful 766 sec operation of the gyrotron. Collector, body 
voltages are well controlled and kept constant during the 
shot. Beam and body current little increases with the time 
constant of 300 s and then saturates to be constant toward the 
end of the pulse. This increase is caused by the heating of 
the cathode by the stray microwave power near the cathode. 
Temperature differences between inlet and outlet of the 
gyrotron coolant are shown in Fig. 2. A little increases even 
near the end of such long pulse operation are still seen, but 
demonstrated that this gyrotron can be operated well more 
than 1000 s with the power level near 200 kW. Pressure rise 
in MOV and waveguides due to the temperature rise had been 
the major cause of the tennination of the pulse. The cooling 
of the transmission component is enforced during the exper-
imental campaign, but still the temperature of some compo-
nents kept increasing during 766 s operation. As the result, 
the out gassing from such high temperature component were 
far from saturation. The pressure inside the waveguide kept 
increasing due to the poor conductiyity in the small diameter 
of the waveguide. It became clear that further enforcements 
of the cooling and pumping of the waveguide are necessary 
to increase transmission power and pulse length. 
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Fig. 1. Time behavior of voltages and currents in CW gy-
rotron during 766 s operation 
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Fig. 2. Time behavior of temperature differences between in-
let and outlet of the several parts of gyrotron. The two peaks 
appeared in the temperature difference in window coolant are 
due to switch on of the refrigerator. 
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